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Opecckuii HauMoHanbHbI yHuBepcuTeT um. V.. MeyHukoBa

OCOBEHHOCTU AErFPAAALVN AACOPELMOHHON YYBCTBUTENBHOCTU

TOHKNX MAEHOK Brn02

WccnepoBaHa ferpagauns napameTpoB TOHKUX MAeHOK 3N 02 MONy4YeHHbIX METOAOM 3fekK-
Tpocnpeinuponusa. M3mepsanocb cOnpoTuBneHne 06pasLoB Npu pasnMyHbIX ycnosusx. Wccne-
[0Banocb BAUAHWE TeMnepaTypbl W NPUPOAbLI afCOP6LMOHHONO rasa Ha CONPOTUBIEHME MNEHOK.
MocTpoeHbl ferpajalyMoHHble XapaKTePUCTUKU U NPOBEAEH PEHTreHOCTPYKTYPHbIW aHanus
06pasLoB B NCXOAHOM COCTOSIHUM U NMOCAE OTXWra W 3KCmayaTaLluu B pasfMuHbIX aTMocgepax.
3aMeyeHO M3MeHeHWe CTPYKTYpbl W 3NeMEHTHOro cocTaBa M/JEHOK Nocne WX TemnepaTypHoii

06paboTKN B aTmocdepe pasNUUHbIX rasos..

ViccnegosaHue npobnem pgerpagauum agcopbuu-
OHHO-YYBCTBUTE/IbHbLIX C/I0EB C TEYEHWEM BPEMEHMU
3KcMyaTauum siBAseTCS OAHON M3 rNaBHbIX 3ajau
npy CO34aHUN XMMUYECKUX U Fa3oBbiX faTtyukos [1].
Mpu AANTENbHOM (YHKLMOHMPOBAHUU [ATYMKOB
NPOMCXO0AAT HeobpaTUMble U3MEHEHUS B CTEXUOMET-
PMYECKOM COCTaBe MOBEPXHOCTU, YTO OTpaxkaeTcs
Ha 31eKTPOPM3NYEeCKUX N afACcOPOLMOHHO-YYBCTBU-
TeNbHbIX NapameTpax 06pa3L0B, TakKMX Kak CONpo-
TUBNEHUE W afcOpOLMOHHAA YYBCTBMTENbHOCTbL CO-
OTBETCTBEHHO. M3yuyeHue (hakTOpPOB, CMOCOGCTBYHO-
Wux ferpagaumu 06pasyoB, MOMOXEHO B OCHOBY
[lAHHOWN paboThl.

B pa6oTax [2, 3] 6bI10 NOKa3aHo, 4TO CBOlCTBA
MoNYNPOBOAHUKOBBIX MIEHOK MEHSTCA MPU OTXMU-
re B aTMocepe mapoB aproHa, a TakXe B pe3y/b-
TaTe agcopbuuy MapoB 3TaHO/Ma Ha MOBEPXHOCTU
MNeHKW. bblf0 YyCTaHOBMEHO, YTO MPOUCXOAUT U3Me-
HeHWe 3Hepruii akTuBaLuMuM NPOBOAMMOCTM B CTOPO-
Hy 60MblIMX 3Ha4yeHWii aHeprumn. lMpegnonaranoce,
4TO 3TO fIBJIEHME CBSA3AHO CO CTPYKTYPHbIMU M3Me-
HEHUSIMW B NJeHKe, 00YCMOBMEHHbIMU TeMmmepaTy-
poit. 3meHeHMe CTPYKTypbl OTpaXKkaeTcs Ha 3nek-
TponpoBoAHOCTU 06pasLa.

B pgaHHOW paboTe B KauyecTBe gerpajaluoOHHOr0
napameTpa paccMaTpuBanoCb 3N1eKTPUYECKOe CO-
npoTuefneHne o6pas3yoB. bbian uccnegoBaHbl 3aBU-
CMMOCTb COMPOTWUBAEHUS OT MeToda 06paboTKM,
nosyyeHbl KPWBbIE W3MEHEHUS COMPOTUBAEHUS
NAeHKN B 3aBUCMMOCTU OT BPEMEHW 3KCMayaTauum,
npoBefeHbl MUCCNefoBaHUA CTPYKTYypbl 06pasLos.

JKcnepuMeHTa bHble pe3ynbTaTthbl
N ux o06CcyXaeHune

MeToAuka MOATOTOBKM MOANOXEK WM U3rOTOBJe-
HMa 06pa3LoB And MCCNefOBaHW onucaHa aBTopa-
Mu B pabote [4]. Cnon Bn02 HaHOCMAUCL METOAOM
anekTpocnpaii nuponusa (onucaH B [5]) Ha KOPYH-
LOBble MOAMOXKM Mpu Temnepatype MOAM0XEK
480 °C u pasHocTum noTeHuwmanos 30 kB. 3aTtem
NPOBOAMACA OTXWUI MONYYEHHbIX MAEHOK Ha BO34y-
xe npu Temnepatype 450°C B TeuyeHue nojaydaca.

JKCMNepuMeHTaNbHbIA LUKA COCTOAN M3 Cnefyto-
wmx atanos. lpex/je BCero onpepensanocb COMNPo-
TUBNEHMe 06pa3L0B NpU KOMHATHOW TemnepaTtype
A0 WX Tepmuyeckoi 06paboTKM B pasNNUHbIX
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aTMoctepax. locne atoro ob6pasewy nomeuiancsd B
M3MepPUTENbHYH0 Kamepy W MoABeprancs TepMUYecKol
06pab0TKe B Kucnopogocogepxauieir aTmocdepe.
Mpn aTom obpasel HarpeBancs B TeyeHue 1 yaca
fo Temnepatypbl 400—450°C ¢ NOCTOSAHHOW CKOpoOC-
Tbl0. 3aTeM CnefoBano ero OXNaXAeHWe B TOM Xe
pexume A0 KOMHATHON TemnepaTtypbl U U3MEPSANOCH
ero conpoTusfieHue. ocne Yero, B KaMepy Hanyc-
Kanucb napbl cnupta U NPOBOAWUACS LMWKA Harpes-
OXNaxjeHne C MOCAeAyHOLWNM M3MEPeHUEM COoMnpo-
TUBNeHMA. B 3aBepllieHMe MPOM3BOAMNACH OYMCTKA
MoOBepXHOCTU B aTmocdepe aproHa. OnucaHHbI
LUK 06paboTKM NOBTOPANCH 4vepe3 OnpefeneHHble
NPOMEXYTKW BPEMEHW B Te4yeHMe OfHOro mecsaua.
MonyyeHHble rpauky 3aBUCUMOCTEW conmpoTuBhe-
HUS OT BPEMEHW 3KcnayaTauuu npeacTaBfieHbl Ha
pucyHke 1

A, Om

I, aHm
i 5 10 20 30
Puc. 1. [lerpagayoHHble xapakTepucTuk! conpoTuBneHns obpasua:

| — po Tepmuyeckoii 06paGoTKM, 2 — MOC/e HarpeBa Ha BO3gyxe, 3 —
nocne o6paboTtku B atmocdepe cnmpta, 4 — noOcne OYMCTKN aproHoM
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Kak BWAHO, HayanbHOe COMPOTUBAEHME TMNJIEHKU
BO3pacTaeT C TeYeHWEM BPEMEHW 3Kcnayatauum wu
HaxoauTca B MHTepBane 6800— 14 000 Om (puc. 1
Kpusaa /).

OpHopa3oBas TepMuuyeckas o6paboTka Ha BO3AY-
Xe MpUBOAUT K NageHuto conpotmusneHus o 4000 Om.
OpHako, Kak BMAHO u3 puc. 1 (kpusas 2) nocne
TPeTbero MOJIHOTO UWK/Aa CONPOTWUB/IEHWE PE3KO
BO3pacTaeT. JTO MOXeT 6biTb CBA3AHO C Tem, 4TO
Ha MOBEPXHOCTU MPOUCXOAUT ajcopbuus Kucnopo-
[la C 3axBaTOM 3/IeKTPOHOB MPOBOAUMOCTM MO Cle-
aywouein cxeme: 02+ 2e-7~20_ [6]. Mpeanonoxe-
Hne 06 agCopPOLUNOHHON NPUPOAE M3MEHEHUS COMpPO-
TUB/IEHWA MOATBEPXJaeTcs NPOBeJEeHHbIMW aBTO-
pamu B [4] nccnegoBaHnsMN agcopOLMOHHO-KUHETU-
YeCKUX XapaKTepucTuK nneHok 5n02

Mocne Hanycka B M3MepUTeNIbHYIO KaMepy napos
CnupTa NPOUCXOAMT peakuus MOMeKyn CnmpTa C Xemo-
copbupoBaHHbIM Kucnopogom: K+ O- —»-KO4-e [7].
B pe3synbTaTe 37O peakuun BO3HMKAET JOMONHUTENb-
Hble HOCUTEeNM TOKa, 4TO cnocobcTByeT 06LeMy
YMEHbLUEHWUIO CONpoTMBAEeHNa (puc. 1 Kpusas 3).

OumncTka NOBEPXHOCTU AapProHOM MNPUBOAUT K
fecopbuun NOBEPXHOCTHOrO KUCNOpOAa B pe3yfib-
TaTe 4Yero conpoTuBNeHWe yBenuumsaeTcs (puc.l
KpuBaa 4), ofHaKo, OCTaeTCA CYLECTBEHHO MEHb-
WMM MO CPABHEHWIO C UCXOAHLIM COMPOTUBIIEHUEM.

Bbin npoBeAeH AMGPaKUMOHHO-(DAa30BbIA aHann3
nccnegyemblX NNeHOK Ha gudpaktomeTpe APOH
Cn Ka unsnyyeHuem ¢ TuiaTeNbHO NOA06pPaHHbLIM
PeXNMOM AUCKPUMUHaLMK. LU Tpux-guarpaMmmsl no-
NYYeHHbIX AndpakTorpaMm npeacTaBfeHbl  Ha
puc. 2. Lo Tepmuyeckoh 06paboTKM MNneHKa Npej-
cTaBnsAna coboi AByX(asHyw noaumkpuctanauyec-
Ky CTPYKTypy, coctosawyto u3 bnO un 3n02 rge
OCHOBHOW (a3oli 6bina bn02

Mocne npoBeAeHUs LUKAUYECKOW 06paboTKw,
KaK BUAHO W3 pucC. 2, 2, NIUHUK, OTHOcAWwMecd K bnO
ncuesnun, OAHaKO Ha AudpakTorpamMme MnOSBUANCH
NUHWMN HOBOM (hasbl, NMpUpoJa KOTOPOl MOKa He yc-
TaHoBMeHa. [Mony4YeHHbI pe3ynbTaT MOATBEPXKAaeT
npeanofioXeHne 06 OCHOBHOIW ponu Kucnopoja B
NMOBEPXHOCTHbLIX MpoLeccax, NPOABNAKLWMNXCA B U3-
MeHEHMN conpoTuBeHns obpasuos. MNMageHne conpo-

TUBMEHUSA NJEHKWU Ha NepBbIX Tpex LMKAax Temmnepa-
TYpHO 06paboTKM Ha BO3fYyXe, OYEBMAHO, MOXHO
06BACHUTL npeBpaweHuem assl bnO B bn02

MeTannorpauueckuii  aHanuM3 UccnefyemMblxX
NNeHOK, MPOBeAeHHbIA Ha MUKpockone MUNM-8M
KakK B HeMmonspu3oBaHHOM TakK W B NONASAPU30BAHHOM
cBeTe, NOATBEPAMN pe3ynbTaTbl PEHTreHo-gudpak-
LMOHHOTO aHanus3a. Tak Ha ucxofHOM obpasue oc-
HOBHaf (hasa cocToAna M3 CBETNOW NMEHKU, MOKPbI-
TON ManeHbKWUMMW BKpanneHWsIMU B BUAEe MENKON
cbinn. BTopas asa nposBnasnacb B BUAE TEMHbIX
NATEH HenpaBWNbHOW (OPMbl pasmepbl KOTOPbIX
M3MEHSNNUCb B LUMPOKWUX npejenax. BufHbl 6bian
He6onblwKne 6enble NATHA, KOMMYECTBO KOTOPbIX
66110 Mano, U KOTOpble 3aHUMaNN NoKanbHble Moo-
XEHUS Ha OTAe/bHbIX y4YacTKax MoBepxXHOCTW. Cre-
AyeT OTMeTUTb, YTO Ha MCXOLHOM ob6pasue B nons-
pu3oBaHHOM CBeTe MNOSBANANUCHL NOKaNbHble MPO-
CBET/eHHble 06/1acTu, CBUAeTeNbCTBYHOWME O
HaMUMN KOHLLEeHTPaTOpPOB HampsaXeHus, 4yto obyc-
NOBMIEHO, 0YEBUAHO, AedeKTamu, COXpPaHUBLLUUMUCSH
Ha MOA0XKe.

Ha o6pa3uye, npowegwem Bce cTagun obpaboT-
KW, B pe3ynbTate OTXWra NPoOUCXOAUT yBeuyeHue
pasmepa 3epeH. [0ABNAKOTCA NONOCHI, HEPaBHO-
MEPHO pacnpefefieHHble MO MOBEPXHOCTU, Hanpas-
NeHne KOTOPbIX MEepPNeHAWKYNAPHO MPOTEKAHUIO
Toka. B nondapu3oBaHHOM CBeTe OHMW BbIrNAAAT B
BMAE MONOC TEMHOro uBeTa. B oTgenbHbiX o6nac-
TAX NOSABNAAETCA CTpOYeYHasd CTPyKTypa. HepaBHoO-
MepHOe pacnpefjefieHMe NONOC OTpaxaeT nosBe-
HWe Mop Ha y4yacTkax MOBEPXHOCTMU.

BbiBOAbI

Y cTaHOBNeHa 3HayuTenbHas pPoJib U3MEHEHWN
CTPYKTYpbl MMEHOK ABYOKUCW 0fioBa B ferpagauu-
OHHbIX WM3MeHeHUAX MX afCcoPOLUUOHHON YYBCTBM-
TefibHOCTU. [lafileHWe CONPOTUB/IEHUA TMNEHKN Ha
nepBbIX Tpex Luknax o6paboTKM Ha BO3Ayxe, oye-
BUAHO, MOXHO OOGBACHUTHL MpeBpaweHUem asbl
BnO B bn0 2 lMNMocneaytouiee yBenyeHne CBA3AHO C
guccoumalmeli MONEKYNApHOro Kucnopofa ¢ 3axsa-
TOM 3/1eKTPOHOB MPOBOAWMOCTH.

Puc. 2. WTpux-guarpammbl naeHok bn02:

| — pBo Tepmuueckoii 06paboTKM, 2 — noCne 3aBeplieHUs WCCNefoBaHWi



YMeHblUeHNe COMpPOTUBAEHWUS B aTMocdepe na-
poB cnNUpTa MO CPaBHEHWUID C UCXOAHbIM 06YyCnoBne-
HO peakuueii: R+ O- -» RO + e [7].

O6paboTka B aproHe ctabunmsnpyeTt conpoTuB-
NeHne NEHOK.
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